CLOCK CONTROL CIRCUIT AND CLOCK CONTROL METHOD 



CROSS-REFERENCE TO RELATED APPLICATION 

This application claims priority under 35 USC 119 from 
Japanese Patent Application No. 2003-277766, the disclosure of 
which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates to a clock control circuit and 
a clock control method which swi tchingly supply a high- speed clock 
and a low- speed clock in accordance with the operational state 
of a system LSI . 

Description of the Related Art 

For example, Japanese Patent Application Laid-Open (JP-A) 
No. 10-145446 discloses a clock control section which, in order 
to reduce the consumption of electric power at a portable terminal , 
stops an operation clock, which is supplied to a central 
processing unit (hereinafter, "CPU"), at times when processing 
at the CPU is not required. 

The clock control section is structured by an oscillation 
stopping/restoring control circuit which controls the starting 
and stopping of the oscillation of an oscillation circuit; a clock 
supply control circuit controlling whether or not a clock signal 
outputted from the oscillation circuit is to be outputted to a 



CPU; and a stable oscillation timer which is activated by an 
interrupt signal and counts low frequency clock signals. When the 
count value reaches a given value, the stable oscillation timer 
outputs a control signal to the clock supply control circuit in 
order for a clock signal to be outputted to the CPU. 

At such a portable terminal, when processing by the CPU is 
completed, a control signal for stopping the oscillation circuit 
is outputted from the CPU to the oscillation stopping/restoring 
control circuit. In this way, the high-speed operation clock 
generated by the oscillation circuit is stopped, and the electric 
power consumed at the oscillation circuit and the CPU is reduced. 
During this time, a low frequency clock oscillator, a timer 
circuit, a receiving circuit, and the like continue to operate. 
When a predetermined period of time has passed or when a control 
signal is received from a base station or the like, an interrupt 
signal is outputted and is supplied to the oscillation 
stopping/restoring control circuit and the stable oscillation 
timer . 

When the interrupt signal is supplied to the oscillation 
stopping/restoring control circuit, the oscillation 
stopping/restoring control circuit instructs the oscillation 
circuit to begin oscillation. On the other hand, the stable 
oscillation timer starts counting of a low frequency clock signal . 
Then, when the count value of the stable oscillation timer reaches 
a given value, a control signal for making the clock signal of 



the oscillation circuit be outputted to the CPU is outputted from 
the stable oscillation timer to the clock supply control circuit, 
in this way, the clock signal of the oscillation circuit, whose 
oscillation operation has stabilized after a predetermined period 
of time has elapsed, is supplied to the CPU. 

However, a portable terminal equipped with a conventional 
clock control section has the following problems. 

When processing at the CPU is completed, the clock signal 
for the CPU is completely stopped, and the mode proceeds to a 
standby mode. However, even during this standby mode, operation 
of the timer circuit, the receiving circuit, and the like must 
continue. Therefore, the timer circuit and the receiving circuit 
must be structured so as to operate completely independently of 
operation of the CPU . A problem arises in that there is the concern 
that the circuit structure will become complex. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a clock 
control circuit in which, even during a standby mode, timer 
processing and receiving processing can be carried out by 
low- speed operation of a CPU due to a low- speed clock being 
supplied to the CPU. 

In order to achieve the above object, a first aspect of the 
present invention is the following clock control circuit. The 
clock control circuit carries out control of a clock signal 



supplied to a CPU, and has a high-speed clock source, a low-speed 
clock source, a selector, and first and second control sections. 
Oscillation operation of the high-speed clock source is 
controlled by an operation control signal, and the high-speed 
clock source generates a high-speed clock used in a usual 
operation mode. The low- speed clock source always generates a 
low- speed clock whose frequency is lower than a frequency of the 
high - speed clock. The selector selects one of the high - speed clock 
and the low-speed clock in accordance with a selection signal, 
and outputs the selected one of the high-speed clock and the 
low - speed clock . When a standby mode is designated by a mode signal , 
the first control section outputs the operation control signal 
for stopping the high- speed clock source . When an interrupt signal 
is supplied, the first control section outputs the operation 
control signal for operating the high-speed clock source. When 
the standby mode is designated by the mode signal, the second 
control section outputs the selection signal for causing the 
low- speed clock to be selected. When the interrupt signal is 
supplied, the second control section starts counting of the 
low- speed clock. When the count value reaches a value set in a 
register, the second control section outputs the selection signal 
for causing the high-speed clock to be selected. 

A second aspect of the present invention is the following 
clock control method. This is a clock control method which 
controls a clock signal supplied to a CPU by a clock control circuit 
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having a high-speed clock source whose oscillation operation is 
controlled by an operation control signal and which generates a 
high-speed clock used in a usual operation mode, and a low- speed 
clock source always generating a low- speed clock whose frequency 
is lower than a frequency of the high-speed clock. The method 
includes the steps of: when a standby mode is designated by a mode 
signal, stopping the high-speed clock source, selecting the 
low-speed clock, and outputting the low-speed clock as the clock 
signal; and when an interrupt signal is supplied, operating the 
high-speed clock source and starting counting of the low- speed 
clock, and when a count value reaches a set value, selecting the 
high-speed clock and outputting the high-speed clock as the clock 
signal . 

As described above in detail, the present invention has the 
first control section for stopping operation of the high-speed 
clock source at the time of the standby mode. Therefore, electric 
power consumption at the time of the standby mode can be reduced. 
Moreover, the present invention has the second control section 
which, at the time of the standby mode , selects the low- speed clock . 
When an interrupt signal is supplied, the second control section 
starts counting of the low-speed clock. When the counted value 
reaches a set value, the second control section selects the 
high-speed clock. Accordingly, even during the standby mode as 
well, it is possible to supply the low-speed clock to the CPU, 
and timer processing and receiving processing can be executed by 



low- speed operation of the CPU. Moreover, at the time of 
interruption, the interruption processing is started at a stable 
high-speed clock. Therefore, mi soperation caused by an unstable 
clock can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a structural diagram of a clock control circuit 

showing a first embodiment of the present invention. 

Fig. 2A is a circuit diagram showing an example of a selector 

14 in Fig. 1. 

Fig. 2B is a time chart of operation of the circuit diagram 
shown in Fig . 2 A . 

Fig. 3 is a signal waveform diagram showing operation of Fig. 

1 . 

Fig. 4 is a structural diagram of a clock control circuit 
showing a second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
In one mode of the present invention, a high-speed clock 
source, whose oscillation operation is controlled by an operation 
control signal and which generates a high-speed clock used in a 
usual operation mode, and a low-speed clock source, which always 
generates a low- speed clock whose frequency is lower than that 
of the high-speed clock, are provided. When a standby mode is 
designated by a mode signal, the high-speed clock source is 
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x stopped, and the low-speed clock is selected and is outputted to 
the CPU as the clock signal. Further, when an interrupt signal 
is supplied, the high-speed clock source is operated, and counting 
of the low- speed clock is started. When the counted value thereof 
reaches a set value, the high-speed clock is selected and is 
outputted to the CPU as the clock signal. 
[First Embodiment] 

Fig. 1 is a structural diagram of a clock control circuit 
showing a first embodiment of the present invention. The clock 
control circuit is for supplying a stable clock signal CLK in 
accordance with the operational mode of a CPU 50 by, for example, 
a cellular phone or a wireless LAN. The clock control circuit has 
a two-input OR gate (hereinafter called an "OR") 11 to which a 
reset signal RST and an interrupt signal INT are supplied from 
the exterior. 

The reset signal RST is a signal which is for setting the 
initial states of registers in the CPU 50 by becoming level "H" 
for example. When, for example, the power source is turned on, 
the reset signal RST is supplied from an unillus trated reset 
signal generating section so as to be "H" for a predetermined time, 
until the operation of a clock generating source becomes stable. 
On the other hand, the interrupt signal INT is a signal which 
becomes "H" when, for example, a control signal from a base station 
is received at an unillus trated receiving circuit. 

The output side of the OR 11 is connected to a set terminal 
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* S of a set/reset type flip-flop (hereinafter called "FF") 12. A 
signal S12 for a high-speed clock source 13 is outputted from an 
output terminal Q of the FF 12. As is illustrated, the high-speed 
clock source 13 generates a high-speed clock HCK of 12 MHz by, 
for example, using a two- input negative AND gate (hereinafter 
called " N AND " ) as an inverting amplifier and by using a liquid 
crystal oscillator or the like at a feedback circuit. Due to the 
signal S12 being supplied to the input terminal of the NAND of 
the high-speed clock source 13, the operation of the high-speed 
clock source 13 can be controlled. The output side of the 
high-speed clock source 13 is connected to an input terminal A 
of a selector (SEL) 14 at which no hazard arises at the time of 
switching . 

The clock control circuit has a low frequency clock source 
15. The low frequency clock source 15 always outputs a low- speed 
clock LCK of, for example, 32.768 kHz for timing, at the time when 
the power source is turned on, regardless of the operational mode 
of the CPU 50. The output side of the low frequency clock source 
15 is connected to one input side of a two- input AND gate 
(hereinafter called "AND") 16. The output side of a register 17 
is connected to the other input side of the AND 16. The output 
side of the AND 16 is connected to an input terminal B of the 
selector 14. 

The register 17 is for carrying out, in accordance with a 
control signal CI from the CPU 50, setting as to whether or not 
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the low- speed clock LCK is to be supplied at the time of the standby 
mode of the CPU 50. The selector 14 selects input terminals A , 
B in accordance with the level "H", "L" of a selection signal SL 
which will be described later, and supplies, from the output 
terminal thereof, the clock signal CLK to the CPU 50. 

The reset signal RST and the selection signal SL are supplied 
as input signals of an OR 18. The output side of the OR 18 is 
connected to a reset terminal R of an FF 19. The interrupt signal 
INT is supplied to a set terminal S of the FF 19. The output side 
of the FF 19 is connected to one input side of an AND 20. The 
low- speed clock LCK is supplied from the low- speed clock source 
15 to the other input side of the AND 20. The output side of the 
AND 20 is connected to a clock terminal C of a counter 21. 

The counter 21 increases a count value CNT by one and outputs 
the count value CNT, at, for example, each rise of the signal 
supplied to the clock terminal C. The output side of the counter 
21 is connected to one input side of a comparator (CMP) 22. The 
output signal of a register 23 is supplied to the other input side 
of the comparator 22 . 

In accordance with a control signal C2 from the CPU 50, the 
register 23 sets a value corresponding to a stable time of the 
time of activation of the high-speed clock source 13. The output 
side of the comparator 22 is connected to one input side of an 
OR 24. The reset signal RST is supplied to the other input side 
of the OR 24. The output side of the OR 24 is connected to a set 



terminal S of an FF 25. The selection signal SL is outputted from 
an output terminal Q of the FF 25. 

The CPU 50 has the function of outputting a mode signal MD 
expressing whether the mode is the usual operation mode or the 
standby mode. This mode signal MD is supplied to a monostable 
multivibrator (hereinafter called "monomulti") 26. When, for 
example, the mode signal MD rises from " L " to "H" when the mode 
proceeds to the standby mode, the monomulti 26 outputs a reset 
signal RS which is "H" for a given time. The reset signal RS is 
supplied to. the FFs 12, 25 and to a reset terminal R of the counter 
21 . 

Figs. 2A and 2B are explanatory diagrams showing an example 
of the selector 14 in Fig. 1. Fig. 2A is a circuit structural 
diagram, and Fig. 2B is a time chart of operation. 

As shown in Fig. 2A, the selector 14 is structured so as to 
switch the two systems of clocks HCK , LCK in accordance with the 
selection signal SL. Reference numeral 101 is a two-input OR, 
102-1 and i02-2 are two-input ANDs, 103-1 and 103-2 are each a 
negative edge operation D-type FF (hereinafter called "D-FF") 
which is equipped with a reset input and which has an input signal 
D, a clock input CKN, an asynchronous reset signal RN, and an output 
signal Q, 104-1 and 104-2 are each a low- through latch having an 
input signal D, a gate control signal GN and a gate output Q, and 
105 is an inverter. 

At the negative edge operation D-FFs 103-1, 103-2 which are 
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equipped with a reset input, when the reset input RN is "L", the 
output Q is reset to "L", and synchronously with the fall of the 
clock input CKN , the output Q sets the input D. 

The low-through latches 104-1, 104-2 operate such that, 
while the gate control signal GN is " L " , the input signal D is 
outputted as is from the gate output Q, and while GN is "H", the 
value of the gate output Q is held. The selection signal SL and 
a selection signal SLN, which has been inverted at the inverter 
105, are respectively connected to the input signals D of the 
low- through latches 104-1, 104-2, and the output clock signal CLK 
is connected to the gate control signals GN . 

The outputs Q of the low-through latches 104-1, 104-2 are 
connected to the input signals D and the asynchronous reset 
signals RN of the D-FFs 103-1, 103-2, respectively. The clocks 
HCK, LCK are connected to the clock signals CKN. 

Further, the output signals Q of the D-FFs 103-1, 103-2 are 
called isell, isel2, respectively. The clock HCK and isell are 
connected to the two-input AND 102-1, and the clock LCK and isel2 
are connected to the two -input AND 102-2. The output signals of 
these two -input ANDs are connected as input signals of the 
two- input OR 101, and the output thereof becomes the clock signal 
CLK. Note that the selection signals SL, SLN are complementary, 
and when one is "H", the other is "L" . 

As shown in Fig. 2B, at the selector 14, first, in the state 
in which SL = "H" (valid in the state in which the high-speed clock 
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HCK is selected) and SLN = "L", the clock signals HCK , LCK are 
in the operational state. In this state, because isell = "H" and 
isel2 - "L", the high-speed clock HCK is outputted from only the 
circuit of 102-1 among the two- input ANDs, and the high-speed 
clock HCK is output ted from the two - input OR 101 as the clock signal 
CLK . This clock signal CLK is inputted to the gate control signals 
GN of the low-through latches 104-1, 104-2. 

Next, when the state switches from the above - described state 
to SL = " L " , SL = "H" (valid when selecting the low- speed clock 
LCK) , at the time of the state in which the high-speed clock HCK 
= "L", the clock signal CLK becomes " L " , and the output Q of the 
low- through latch 104-1 becomes "L", and the asynchronous reset 
input RN of the D-FF 103-1 becomes "L" . Therefore, there is a 
transition to isell = "L" . This change is carried out during the 
time that HCK = " L " , provided that the period during which the 
high-speed clock HCK « "L" is not shorter than the time of the 
change from HCK = "L" -> CLK = "L" — > isell = "L" . Therefore, the 
time period of the next HCK « "H" is not outputted to the CLK. 
Further, while HCK = "H", there is no change to isell = "L" . Thus, 
the period of time during which the clock signal CLK, which is 
outputted from the final high-speed clock HCK, is "H" does not 
become short. Therefore, when switching the clock, a clock signal 
CLK without hazard can be outputted. 

Fig. 3 is a signal waveform diagram showing operation of Fig. 
1. Hereinafter, operation of Fig. 1 will be described with 
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* reference to Fig . 3 . 

When the power source is turned on at time TO in Fig. 3, the 
reset signal RST, which is supplied from an unillustrated reset 
signal generating section, is "H" during the period of time from 
time TO to time Tl . At this time, the interrupt signal INT supplied 
from the exterior is "L" . 

When the power source is turned on at time TO, due to the 
reset signal RST, the signal Sll outputted from the OR 11 becomes 
"H", the FF 12 is set, and the output signal S12 thereof becomes 
"H". The oscillation operation of the high-speed clock source 13 
is thereby started. The amplitude of the high-speed clock HCK 
outputted from the high-speed clock source 13 gradually increases , 
and after a given time, becomes a predetermined amplitude and is 
stable . 

Further, due to the reset signal RST becoming "H", a signal 
S24 outputted from the OR 24 becomes "H", the FF 25 is set, and 
the selection signal SL becomes "H" . In this way, the input 
terminal A side is selected at the selector 14, and the high- 
speed clock HCK of the high-speed clock source 13 is supplied to 
the CPU 50 as the clock signal CLK. However, because the "H" reset 
signal RST is being supplied to the CPU 50, operation by the CPU 
50 is not carried out during this time. 

When the reset signal RST becomes "L" at time Tl, the output 
signals Sll, S24 of the ORs 11, 24 become "L", However, because 
the reset signal RS outputted from the monomulti 26 is "L", the 
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FFs 12, 25 remain set, and the signals S12, SL thereof do not change 
and remain "H" . Here, due to the reset signal RST becoming "L" , 
operation of the CPU 50 is started. At this point in time, operation 
such as initial setting or the like is started, with the high-speed 
clock HCK which has become stable being the clock signal. In this 
initial setting operation, the control signals CI, C2 are 
outputted to the registers 17, 23, and predetermined values are 
set at the registers 17, 23. 

At time T2 , the initial setting operation at the CPU 50 is 
completed, and processing proceeds to processing in the usual 
operation mode. 

At time T3 , when the processing in the usual operation mode 
ends and the mode proceeds to the standby mode, the mode signal 
MD outputted from the CPU 50 switches from "L" to "H" . In this 
way, the reset signal RS outputted from the monomulti 26 becomes 
"H" for a given time, the FFs 12, 25 and the counter 21 are reset, 
the signal S12 and the selection signal SL become "L", and the 
count value CNT of the counter 21 becomes 0. 

Due to the signal S12 becoming "L", operation of the 
high-speed clock source 13 is stopped, and the selection signal 
SL becomes "L" . The selector 14 is thereby switched to the input 
terminal B side. Accordingly, if the register 17 is set to "H" , 
the low-speed clock LCK outputted from the low- speed clock source 
15 is supplied to the CPU 50 as the clock signal CLK. Further, 
if the register 17 is set to "L", the supply of the clock signal 



CLK to the CPU 50 is stopped. In this way, the CPU 50 proceeds 
to the standby mode. 

At time T4 , when, for example, the receiving circuit receives 
a control signal from a base station, the interrupt signal INT 
outputted from the receiving circuit becomes "H" . In this way, 
the FFs 12, 19 are set, and the signals S12, S19 become "H" . Due 
to the signal S12 becoming "H", the oscillation operation of the 
high-speed clock source 13 is started. The amplitude of the 
high-speed clock HCK gradually increases, and after a given time, 
becomes a predetermined amplitude and is stable. Further, due to 
the signal S19 becoming "H", the low- speed clock LCK is supplied 
to the counter 21, and counting operation by the counter 21 is 
started . 

At time T5, when the count value CNT of the counter 21 matches 
the value set at the register 23, a signal S22 outputted from the 
comparator 22 becomes ."H", the FF 25 is set, and the selection 

signal SL becomes "H" . In this way, the FF 19 is reset, and the 

/ 

counting operation of the counter 21 is stopped. Moreover, the 
selector 14 is switched to the input terminal A side, the 
high-speed clock HCK is supplied to the CPU 50 as the clock signal 
CLK, and processing corresponding to the interrupt signal INT is 
started by the CPU 50. 

At time T6, the mode signal MD outputted from the CPU 50 
returns to "L", and an instruction to make the interrupt signal 
INT return to "L" is outputted from the CPU 50 to the receiving 
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circuit. In this way, the CPU 50 assumes the usual operation mode 
state which is the same as that at time T2 . Thereafter, operations 
which are the same as those at times T3 - T6 are repeated. 

Note that, when the interrupt signal INT becomes "H" during 
operation in the usual operation mode, the high-speed clock HCK 
is continuously supplied as the clock signal CLK to the CPU 50, 
and the state of the clock control circuit does not change. However, 
the interrupt signal INT is supplied to the CPU 50 by an 
unillustrated route, and interruption processing is carried out 
by the CPU 50. 

As described above, the clock control circuit of the first 
embodiment has the selector 14 and the register 17 which, at the 
time of the standby mode, sets whether or not the low-speed clock 
LCK is to be supplied to the CPU 50. 

In this way, there is the advantage that the clock signal 
CLK which is appropriate for the CPU 50 can be supplied in 
accordance with the contents of processing of the CPU 50 which 
is in the standby mode. Moreover, the clock control circuit has 
the register 23 which sets the period of time from the activation 
of the high-speed clock source 13 to the actual supply of the 
high-speed clock HCK to the CPU 50. Therefore, there is the 
advantage that the operation of the CPU 50 can be carried out by 
the clock signal CLK which has become stable at an appropriate 
time. Moreover, because a circuit structure which does not cause 
any hazard during switching is used, there is no fear that 
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misoperation will be caused during clock switching, and stable 
operation is possible. 
[Second Embodiment] 

Fig. 4 is a structural diagram of a clock control circuit 
showing a second embodiment of the present invention. Elements 
which are the same as elements in Fig. 1 are denoted by the same 
reference numerals. 

In this clock control circuit, an interrupt signal control 
section 30 is added to the clock control circuit of Fig. 1 . Further, 
a high-speed clock source 40, which can switchingly output two 
types of high-speed clocks, is provided in place of the high- 
speed clock source 13. 

The interrupt signal control section 30 is a structure for 
using an arbitrary signal from among a plurality of interrupt 
cause signals INT1, INT2 , INTn, as the interrupt signal INT. 

The interrupt signal control section 30 has, in correspondence 
with the respective interrupt cause signals INTi (i = l~n) , 
two- input ANDs 31i, and registers 32i setting whether or not the 
interrupt cause signals INTi thereof are to be used. The interrupt 
signal control section 30 also has an n- input OR 33 which is for 
outputting, as the interrupt signal INT, the logical sum of the 
output signals of these ANDs 31i. Note that, although not 
illustrated, the contents of the respective registers 32i can be 
set freely from the CPU 50. 

The high- speed clock source 40 is structured by an oscillator 
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41 which is similar to that of the high-speed clock source 13 in 
Fig. 1; a multiplier 42 which is formed by a PLL circuit, and which 
multiplies by two a high-speed clock HC1 outputted from the 
oscillator 41 and generates a high-speed clock HC2 ; and a selector 
43 which selects and outputs either one of the high-speed clocks 
HC1, HC2 in accordance with a control signal C3 from the CPU 50. 
The other structures are the same as those in Fig. 1. 

The operation of this clock control circuit is the same as 
that of the clock control circuit in Fig. 1, except for the 
following points: by setting the registers 31i in the interrupt 
signal control section 30, an arbitrary one of or an arbitrary 
plurality of the interrupt cause signals INTi can be used as the 
actual interrupt signal INT; and the speed of the high-speed clock 
HCK can be selected by the control signal C3 from the CPU 50. 

As described above, because the clock control circuit of the 
second embodiment has the interrupt signal control section 30 and 
the high-speed clock source 40, in addition to the same advantages 
as in the first embodiment, there are the advantages that 
arbitrary interrupt cause signals INTi can be used, and that the 
speed of the high-speed clock HCK can be selected in accordance 
with the operational state. 

Note that the present invention is not limited to the 
above-described embodiments, and various modifications are 
possible. The following structures are modified examples. 

(a) The frequencies of the high-speed clock HCK and the 
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low- speed clock LCK are arbitrary. 

(b) Although the high-speed clock source 40 in Fig. 4 has 
the multiplier 42 which multiplies the output signal from the 
oscillator 41 by two, the number by which the multiplier 42 carries 
out multiplication is arbitrary. Further, in place of the 
multiplier 42, a frequency divider may be used. Moreover, a 
structure may be used in which one frequency among three or more 
types of frequencies can be selected. 

(c) Explanation was given by using a logic in which each 
signal is "H" when active. However, the actual logic circuit may 
be structured such that the signals are " L " when active. 

(d) The circuit structure of the selector 14 is not limited 
to that shown in Fig. 2A. 
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